A high-resolution authigenic Nd isotope record has been extracted from the Fe-Mn oxyhydroxide fraction of drift sediments along the Blake Ridge in the North Atlantic.
The LGM and deglacial sediments below 3400 m water depth bear no evidence of an ambient deep water ε Nd as unradiogenic as -13.5. Although the deep core sites also experienced enhanced degrees of sediment focusing before the Younger Dryas, the ε Nd values of between -11 and -10 are more readily explained in terms of increased presence of Southern Source Waters. If this is the case, the change to Nd isotopic compositions that reflect a modern circulation pattern, including the presence of Lower NADW, only occurred after the Younger Dryas.
Introduction
Considerable research efforts has been expended on the reconstruction of past variability in the rate of meridional overturning circulation. A variety of proxies have been applied to better characterise past water mass distributions during the transition from the LGM to the Holocene, mostly based on nutrients (δ 13 C, Cd/Ca) (Boyle and Keigwin, 1987; Duplessy et al., 1988; Sarnthein et al., 1994; Marchitto et al., 2002; Curry and Oppo, 2005) , oxygen isotopes of planktonic and benthic foraminifera (Labeyrie et al., 1992) , water mass 14 C ventilation ages (Keigwin, 2004; Robinson et al., 2005) , or ratios of water-borne radioactive trace metals such as 231 Pa/
230
Th (McManus et al., 2004; Gherardi et al., 2005) . Despite these efforts there are discrepancies regarding the evolution of the water mass structure in the North Atlantic as well as the timing of circulation changes since the Last Glacial Maximum (LGM). For example, whether modes of ocean circulation in the North Atlantic were the same during the Younger Dryas (YD) and the
LGM is still unresolved (e.g., Duplessy et al., 1988; Labeyrie et al., 1992; Keigwin, 2004) .
Today the Western Boundary Undercurrent (WBUC), which transports North Atlantic
Deep Water (NADW) southward, is a composite water mass with contributions derived from various regions in the North Atlantic basin. Schematically, the Lower NADW (LNADW) is the mixing product of deep water derived from the Iceland-Scotland (NEADW) and the Irminger basins (NWADW), Labrador Sea Water and Subpolar Mode Water (SPMW) (Schmitz and McCartney, 1993) . The Upper NADW (UNADW) in the western North Atlantic mainly consists of water derived from the Labrador Sea and SPMW Talley and McCartney, 1982; Schmitz and McCartney, 1993; Dickson and Brown, 1994; Schmitz, 1996) . The presence of Antarctic Bottom Water (AABW) can be identified both in the deep eastern and western North
Atlantic (Speer and McCartney, 1992; Schmitz and McCartney, 1993) . There is consensus that Glacial North Atlantic Intermediate Water (GNAIW) replaced NADW during the LGM (Boyle and Keigwin, 1987; Keigwin, 2004; Curry and Oppo, 2005; Robinson et al., 2005; Lynch-Stieglitz et al., 2007) . Convection of the GNAIW was It has been demonstrated that Nd isotopes are a powerful proxy for past water mass structure and mixing, which led to inference of major circulation changes and weathering inputs in the past (Palmer and Elderfield, 1985; Reynolds et al., 1999; Vance and Burton, 1999; Frank et al., 2002; Scher and Martin, 2004) . Neodymium has a residence time in the ocean of 600-2000 years (Jeandel et al., 1995; Tachikawa et al., 1999) , which makes its isotopic composition a suitable quasi-conservative water mass tracer in the Atlantic
Ocean in view of water mass residence times of only few 100 years. The dissolved
143
Nd/
144
Nd in the ocean is a function of the flow path of a water mass (Frank, 2002; Goldstein and Hemming, 2003 Nd), whereas young mantle-derived rocks display Nd isotope compositions that are highly radiogenic relative to the average Earth composition.
Neodymium is dominantly supplied to the oceans via weathering of the continental crust through rivers, sub-glacial meltwater or leaching of shelf sediments to the adjacent ocean basins, and can in general only be subsequently modified by water mass mixing. The Nd isotope composition of dissolved Nd in river water generally matches that of the bulk source area (Goldstein and Jacobsen, 1987; Dahlqvist et al., 2005) . Slight offsets have only been observed in glaciated terrains due to preferential weathering of certain mineral phases (Andersson et al., 2001; von Blanckenburg and Nägler, 2001 ). Particle-seawater interaction has also been suggested to be capable of modifying the Nd isotope composition of water masses (Tachikawa et al., 1999; Lacan and Jeandel, 2005a Nd CHUR = 0.512638 (Jacobsen and Wasserburg, 1980) ).
The Nd isotopic composition is a particularly powerful water mass tracer in the North Atlantic because, through admixtures from the Labrador Sea, NADW receives extremely unradiogenic Nd isotope compositions from weathering of Archean and Proterozoic continental crust in northern Canada and Greenland (Piepgras and Wasserburg, 1987; Lacan and Jeandel, 2005a) . Lacan and Jeandel (2005a) suggested that, as the various proto-NADW water masses pass the Flemish Cape off Newfoundland, the NADW ε Nd is already fairly homogeneous with an overall vertical variability of 1.3 ε Nd (-14.5 ≤ ε Nd ≤ -13.2). Earlier work by Piepgras and Wasserburg (1987) indicated that in the vicinity of the Blake Ridge the ε Nd of the Western Boundary Undercurrent (WBUC), which transports NADW southward, is fully homogenised at a value of -13.5 ± 0.5. Other water masses in the Atlantic have more radiogenic Nd isotope compositions. Intermediate and deep waters in the Iceland, Norwegian and Greenland basins display ε Nd on the order of -7.7 to -10.7 (Lacan and Jeandel, 2004) , Mediterranean outflow water supplies an ε Nd signature between -9.4 and -10.1 to the eastern Atlantic (Tachikawa et al., 2004) , and Antarctic Intermediate and Bottom Waters in the Southern Atlantic are presently between -7 and -9 in ε Nd (Jeandel, 1993) .
In studies carried out in the Cape Basin in the South Atlantic Nd isotopes extracted from Fe-Mn oxyhydroxides in pelagic sediments were successfully applied to monitor changes in the past isotopic composition of Southern Ocean water masses, which were interpreted as changes in the strength of the export of NADW to the Southern Ocean on glacialinterglacial and millennial timescales (Rutberg et al., 2000; Piotrowski et al., 2004; . It was concluded from positive shifts of up to 3 ε Nd units that the export of NADW into the Cape Basin was significantly reduced during the last glacial maximum and during the stadials of the last glacial stage between 60 000 and 20 000 years ago.
However, these conclusions rely on the assumption that the Nd isotope composition of NADW and GNAIW have remained constant over the past 100 kyr. Recent studies provided overall support for this assumption from the Nd isotope composition of UNADW and its precursors (Foster and Vance, 2006; van de Flierdt et al., 2006; Foster et al., 2007) , but none of these provided unambiguous constraints on short-term variations during extreme climatic conditions such as the LGM. Given the suggestion of a shutdown of deep water formation in the Labrador Sea during the LGM (de Vernal et al., 2002; Cottet-Puinel et al., 2004) , the GNAIW Nd isotope composition during Marine Isotope Stage 2 (MIS 2) was likely different (more radiogenic) from NADW and GNAIW during MIS 1 and 3, respectively if changes in water mass contributions indeed occurred.
The aim of the present study is to reconstruct the Nd isotope evolution of NADW and GNAIW close to their site of formation between the LGM and today. We focus on the reconstruction of the water mass structure and the timing of hydrographic changes above the Blake Ridge in the western subtropical North Atlantic. This location is ideal for detecting past changes in southward water mass export because its sediments are located within the main flow path of the WBUC on the continental rise of eastern North America (Fig. 1 ). This study also highlights and discusses caveats in using the dispersed authigenic Fe-Mn oxyhydroxide fraction in marine drift sediment deposits from continental rise settings for water mass reconstructions.
Material and Methods

Nd isotopes
In order to obtain the present-day authigenic Nd isotope composition along the Blake Ridge, 22 core-top sediment samples from water depths between 775 m and 4712 m, recovered during R/V Knorr cruise 140 (KNR140) were analysed (Fig. 1) . Eight cores from the KNR140 cruise were selected for analyses of samples from the LGM. At three sites (51GGC, 1780 m; 31GGC, 3410 m; 12JPC, 4250 m) further downcore analyses were carried out. Additionally, the LGM sequence of ODP Leg 172, Site 1054A in 1300 m water depth was analysed. In general, bulk sediments were processed with the exception of the core-top samples, for which only the coarse fraction >63 µm was used.
The extracted Fe-Mn oxyhydroxide Nd isotope signal from the bulk and the coarse fraction was found to be identical.
The method applied for the extraction of seawater Nd isotopic compositions from Fe-Mn oxyhydroxide coatings was modified from a selection of existing sequential extraction methods (Chester and Hughes, 1967; Tessier et al., 1979; Rutberg et al., 2000; Bayon et al., 2002) and is summarised in a companion paper (Gutjahr et al., 2007) . Carbonate was removed using a Na acetate buffer followed by removal of adsorbed metals using a 1M MgCl 2 solution. Following three rinses in deionised water (Milli-Q system), the oxyhydroxide coatings were leached for three hours in a shaker at room temperature using a 0.05M hydroxylamine hydrochloride (HH) -15 % acetic acid -0.03M Na-EDTA solution buffered to pH 4 with analytical grade NaOH. During initial stages of the study the Fe-Mn oxyhydroxide fractions were extracted using 0.5M HH or, alternatively, using an oxalate cocktail (Tovar-Sanchez et al., 2003) . This approach was also successful for extracting the seawater Nd fraction from sediments, but more dilute leaching solutions were found to be sufficiently efficient to dissolve the seawater fraction. For analyses of the radiogenic isotope composition of the remaining detrital fractions a second leach with the above HH-acetic acid-Na-EDTA leach was applied for 24 hours to ensure complete removal of residual Fe-Mn oxyhydroxide coatings. Additionally two rinses with deionised water were carried out prior to treatment of the samples with aqua regia for the destruction of organic matter. The remaining sediment was dissolved by pressure digestion in a concentrated HF-HNO 3 mixture. Separation and purification of Nd then followed standard procedures (Cohen et al., 1988) . Total procedural blanks for Nd in the oxyhydroxide fraction were <30 pg and 315 pg for the detrital fraction with all blanks being smaller than 1% of the total amount of Nd present in each sample. (Tanaka et al., 2000) . The long-term reproducibility for repeated measurements of the JNdi-1 standard was 0.27 ε Nd (2σ) over a period of 16 months (n=70). A set of six samples from deep core 12JPC were processed and measured at the University of Bristol, following the same extraction procedure as outlined above Table 4 ). These samples were measured on a Thermo Finnigan Neptune (Steiger and Jager, 1977) . Linearly interpolated half mass zeros were subtracted from small ion beams to account for peak tailing from the large beams of the major isotopes (Suman and Bacon, 1989; Thomson et al., 1993) . Focusing factors can only be determined between independently dated age tie points . Table 2 .
Measurements of the
The chronologies of the cores are based on published oxygen isotope stratigraphies displayed in Figures 4 and 5 (Keigwin, 2004) . Published conventional 14 C ages (Keigwin, 2004; Robinson et al., 2005) were transformed into calendar years using the marine radiocarbon age calibration Marine04 of Hughen et al. (2004) assuming ∆R = 0 .
Results
Flow dynamics, sedimentation rates and focusing
Today the flow of the WBUC is strongest along the lower Blake Outer Ridge between 3500 m and 4200 m water depth (Haskell and Johnson, 1993; Stahr and Sanford, 1999) .
Information on past modes of circulation at the Blake Ridge is scarce. Mean grain size analyses on various sediment cores carried out earlier (Haskell and Johnson, 1991) point to increased vigour of flow on the upper Blake Ridge during the deglaciation prior to 12 ka BP coinciding with reduced flow in the deeper parts. This pattern inverted after the YD. In cores below 2950 m water depth maximum mean grain sizes were recorded at ca.
10 ka BP, indicating maximum vigour of flow along the deeper Blake Ridge during the early Holocene (Haskell and Johnson, 1991) .
Sedimentation rates along the Blake Ridge varied systematically in response to the prevailing circulation patterns. Sedimentation rates at the site of 51GGC (1790 m) average 25.2 cm/kyr over the past 9000 yrs (Keigwin, 2004 ; see Table 2 ), whereas sediments in the deeper parts of the Blake Ridge accumulated at ~ 4 cm/kyr during the Holocene (Luo et al., 2001) . During the LGM the inverse situation is observed with sedimentation rates of 6.3 cm/kyr at shallow site 51GGC (Keigwin, 2004) and as high as 50 cm/kyr at the deeper locations (Luo et al., 2001 Table 2 ). Core CH88-11P in the lower segment of the Blake Outer Ridge, which was not a subject of this study (Fig. 1) Luo et al. (2001) . The overall spatial variability of sediment focusing was most likely a direct function of the high current speed at the respective depth of the WBUC (Haskell and Johnson, 1991; Haskell and Johnson, 1993) , indicating that both sedimentation rates and the degree of sediment focusing were lowest within the main flow axis of the WBUC (cf. Biscaye and Anderson, 1994) .
Neodymium isotope results
In Figure 3 the authigenic Nd isotope compositions extracted from the Fe-Mn oxyhydroxide coatings are shown for the present-day situation (Fig. 3a ) and the LGM (Fig. 3b) . Direct seawater data obtained by Piepgras and Wasserburg (1987) from nearby sites southeast of the Blake Ridge are displayed for comparison. During the Holocene the Nd isotope composition of coatings measured from sites below ca 3200 m have been very similar to the seawater data. This segment of the Blake Outer Ridge represents the zone of highest along slope velocity of the WBUC today (Stahr and Sanford, 1999) . The lowest ε Nd is observed at 4200 m (ε Nd of -13.5), coinciding with the highest WBUC speed observed by Haskell and Johnson (1993) . Below 4200 m the Nd isotope compositions are again slightly more radiogenic (ε Nd = -12.5 in 4712 m water depth), most likely reflecting the influence of AABW at the deepest sites (Stahr and Sanford, 1999) . Above about 3200 m depth, the Nd isotope compositions define a systematic trend towards more radiogenic ε Nd reaching highest values at 900 m water depth (ε Nd = -8.7). During the LGM the unradiogenic Nd isotope signal characteristic of the present-day LNADW Nd isotope composition is not observable (Fig. 3b ). Below 2200 m water depth the Nd isotope compositions have a very homogenous ε Nd of -10.5 ± 0.3. Above 2200 m water depth the
LGM Nd isotopes were slightly more radiogenic with highest values of -9.5 at 1300 m water depth and are essentially indistinguishable from the Holocene data. Downcore Nd isotope results for two sites from the lower part of the Blake Ridge are illustrated in Figure 4 plotted against depth in core, spanning the interval from the LGM to the present. In core 31GGC the pre-Holocene Nd isotope composition was essentially constant (ε Nd = -10.5 ± 0.4, Fig. 4a) . A significant switch to ε Nd values of -13, similar to present-day NADW occurred after the YD followed by a slight increase to an ε Nd value of -12.2 today. In deepest core 12JPC the Nd isotope evolution between the LGM and the YD (12.9-11.5 ka BP) (Fig. 4b ) appears somewhat more variable but the pattern is very similar to core 31GGC. The major hydrographic switch to typical LNADW-like  bottom water Nd isotope compositions (ε Nd ∼ -13.5 ± 0.5) was recorded immediately after the
YD. There appears to have been a slight increase during the Holocene towards the present-day authigenic ε Nd value of -13.0. None of the sampled depths in the two cores recorded LNADW-like ε Nd before the YD. In both cores minimum ε Nd were recorded shortly after the YD.
The Nd isotope composition of the detrital fraction in the sediments was measured at three depths of core 12JPC (Fig. 4b) . The detrital ε Nd values have always been less radiogenic than the oxyhydroxide coatings and range from -12.2 in the LGM to -15.0 at 8.8 ka BP (Table 5 ).
Shallow site 51GGC from 1790 m water depth recorded completely different Nd isotope trends (Fig. 5) . The Nd isotope compositions differ from direct seawater measurements (Piepgras and Wasserburg, 1987) 
Discussion
Present day authigenic Nd isotope compositions at the Blake Ridge
Below 3200 m water depth the Nd isotope signal of Fe-Mn oxyhydroxide coatings match that of present-day seawater confirming LNADW presence along the deeper Blake Ridge today. Above the zone of highest along slope velocity of the WBUC the authigenic Nd isotope compositions obtained from the Fe-Mn oxyhydroxide coatings become systematically more radiogenic with decreasing water depth and deviate from direct seawater measurements from nearby water sampling sites (station OCE63 (Piepgras and Wasserburg, 1987) ) by up to 4 ε Nd units in 1000 m water depth. Detrital contamination of the extracted seawater Nd isotope signal can be ruled out as a cause for this offset. Due to mass balance constraints unrealistically radiogenic Nd isotope compositions of the detrital fraction -even more radiogenic than present-day MORB -would be required to alter the Nd isotope signal to such an extreme extent (Gutjahr et al., 2007) . The Nd isotope signal of the detrital fraction in all studied cores along the Blake Ridge, however, is always less radiogenic than that of the Fe-Mn oxyhydroxide phase (Figs. 4-6, Table 5 ).
Given that no water column Nd isotope data are available from directly above the Blake Ridge, it is possible, though unlikely, that the bottom water masses and corresponding isotope compositions along the Blake ridge have been significantly different from the open ocean profile studied at the OCE63 stations. This needs to be entertained as one possible way to interpret the data and could only be unambiguously disproved by future water column measurements in today's water column at the sediment -bottom water interface. Moreover, no study has yet been able to fully assess the importance of trace metal exchange processes in particle-laden bottom waters of western boundary undercurrents immediately above the seafloor.
The Nd isotope compositions presented in Figures 3 and 5 above ~3200 m water depth are in conflict with direct seawater measurements published earlier (Piepgras and Wasserburg, 1987) but in very good agreement with dissolved and particulate Nd isotope compositions of nearby eastern North America (Goldstein and Jacobsen, 1987 (Piepgras and Wasserburg, 1987) Nd isotope composition at any sampled depth is always less radiogenic than the Fe-Mn oxyhydroxide fraction in the respective depths. Therefore, it seems unlikely that boundary exchange has been the driving mechanism of altering the seawater values generating the observed Nd isotope pattern recorded in Fe-Mn oxyhydroxide coatings unless the signature had already been altered much further upstream.
A plausible mechanism for the export of the shelf water signal
The upper continental slope above the Blake Ridge is the location of a major water mass boundary (Figs. 1, 7) . To the west of the Blake Ridge on the Blake Plateau the vigorously flowing Gulf stream currently transports on average approximately 30 Sv of water derived from the Florida current northwards (Schmitz and McCartney, 1993; Reverdin et al., 2003) . Interaction of Gulf stream water with near shore water masses is complex and variable, and leads to turbulence and re-suspension of sediments deposited on the shelf and upper continental slope (Eittreim et al., 1969; Eittreim et al., 1976; McCave, 1986; Biscaye et al., 1988 (Eittreim et al., 1969; McCave, 1986; Biscaye et al., 1988) . Significant amounts of redistributed sediment on the Blake Ridge have therefore most likely been derived from shallow shelf sites (Hunt et al., 1977; . Because the major along slope flow axis of the WBUC is centred between 3500 m and 4200 m water depth, the bulk of the exported shelf and continental slope sediments were most likely deposited on the upper continental rise above the core of the WBUC, the vigor of which strongly controls the deposition of sediment (cf. Biscaye and Anderson, 1994) .
During temporary storage on the shelf and prior to re-suspension, the sediments acquired a first generation of Fe-Mn oxyhydroxide coatings incorporating the Nd isotope signature of the local shelf waters. When these sediments are exported downslope to the Blake Ridge and deposited at high sedimentation rates, this original surface water mass Nd isotope signal was also re-deposited and hence contributes to varying degrees to the 
Deep water Nd isotope evolution
The highly unradiogenic Nd isotope signature below 3200 m water depth obtained from the Holocene Fe-Mn oxyhydroxide coatings in cores 31GGC and 12JPC (Fig. 4) was absent during the LGM (Fig. 3b, 4, 6 ). The authigenic ε Nd in the cores along the Blake Ridge obviously reflects the presence of a water mass different from LNADW at the deeper Blake Ridge during the LGM. Various authors suggested a stronger presence of Southern Source Water (SSW) at depths below 2000 to 2500 m water depth in the glacial North Atlantic (Boyle and Keigwin, 1987; Labeyrie et al., 1992; Marchitto et al., 2002; Keigwin, 2004; Curry and Oppo, 2005; Robinson et al., 2005) , which is consistent with the Nd isotope data. The observed ε Nd signature of -10.3 ± 0.5 may either suggest that glacial SSW, which was in the ε Nd range of -6 to -9 in the Southern Atlantic (Jeandel, 1993; Rutberg et al., 2000; Piotrowski et al., 2004) given that at present the original NADW Nd isotope signal in the Southern Atlantic is already modified towards more radiogenic ε Nd (von Blanckenburg, 1999) it is also feasible to assume that such modification also occurred during the advection of SSW towards the deep North Atlantic during the LGM and the deglaciation, leading to a modification towards less radiogenic SSW ε Nd in the North Atlantic. As soon as LNADW was ventilating the deeper Blake Ridge, its signal was recorded reliably in the Fe-Mn oxyhydroxide coatings in water depths below ~3200 m.
Figures 4 and 6 show that the ε Nd of the water mass present at 4250 m at Blake Ridge during the LGM remained unchanged throughout the deglaciation until the YD. Core 31GGC from 3410 m water depth shows strikingly similar patterns but due to lower sampling resolution, any short-term excursions, as indicated by radiocarbon data (Robinson et al., 2005) , are not resolved in our record. It can be resolved, however, that no major water mass change with a duration longer than a few hundred to a thousand years was recorded in the authigenic fraction of the sediments in 4250 m along the Blake Ridge until after the YD.
The intermediate depth Nd isotope record
It is not yet clear whether the Nd isotope composition of the GNAIW during the LGM was indeed identical to the interglacial mode UNADW ε Nd . During the LGM site 51GGC
at 1790 m water depth was bathed in GNAIW (highlighted in Fig. 5 ) (Keigwin, 2004; Curry and Oppo, 2005 It needs to be emphasized that since the Nd isotope record of the deglacial and the Holocene sections of core 51GGC have been compromised, the inferred GNAIW Nd isotope composition during the LGM has to be considered with some caution and preferably confirmed by studies from different locations and archives. Nonetheless, if the ε Nd of GNAIW was as low as -13 during the LGM, it is unclear how it could have been completely removed by sediment redistribution processes. It is hard to envisage that the entire signal was removed laterally without leaving any trace from the intermediate depth of the core of GNAIW as well as downslope in the redeposited LGM sediments of the deeper cores. Hence, although controversial, our records suggest that water mass ε Nd comparable to present-day compositions were absent at the Blake Ridge during the LGM.
In the light of the reported deglacial UNADW Nd isotope compositions of van de Flierdt et al. (2006) and the laser ablation ferromanganese crust results of Foster et al. (2007) this radiogenic GNAIW Nd isotope signature could only have prevailed during MIS 2.
Reduced export of NADW to the Southern Ocean during the LGM?
A major conclusion of the high-resolution study of sediment core RC11-83 by Piotrowski et al. (2005) was a major decrease of glacial and stadial NADW export to the Cape Basin based on a shift of three ε Nd units from -6.4 in the LGM to -9.3 during the Holocene.
According to their estimations the fraction of the Pacific water component in CDW increased by approximately 50 % relative to the Atlantic component during times of lowest NADW export (Piotrowski et al., 2005) . If the Nd isotope compositions presented here indeed reflect the true GNAIW/NADW ε Nd values during the LGM this estimate needs to be adjusted. Our data suggest that along the Blake Ridge the GNAIW during the
LGM may have been as much as 3.5 to 4 ε Nd more radiogenic than interglacial UNADW, which then explains a significant part of the observed ε Nd shift of CDW in the Cape Basin between the LGM and the Holocene without invoking changes in the export of NADW/GNAIW.
Based on Nd isotope compositions of seawater in the Drake Passage, Piepgras and Wasserburg (1982) estimated the Antarctic Circumpolar Deep Water (CDW) today to be composed of 50 to 70 % Atlantic water. By maintaining this mixing ratio the change in GNAIW composition reported here can account for more than half of the observed glacial-interglacial ε Nd variation of CDW in the Cape Basin (1.5 to 2.5 ε Nd ), but not for the entire shift published earlier (Piotrowski et al., 2004; . A significant reduction of glacial NADW (GNAIW) export to the Southern Ocean is still required to generate the observed shift towards more Pacific-like glacial Nd isotope compositions of CDW in the Cape Basin, assuming that the Nd concentrations of the glacial water masses were the same as those observed today.
Conclusions
Our results highlight the limitations in applying sequential leaching procedures for past During the Last Glacial Maximum the Nd isotope composition of GNAIW, as extracted from Blake Ridge sediments, is about 3.5 to 4 ε Nd units higher than interglacial UNADW.
Although similar to Holocene compositions (ε Nd, GNAIW = -9.7 ± 0.4), the glacial section at this site in 1790 m water depth was not affected by sediment focussing, as demonstrated by the 230 Th xs data. Therefore the Nd isotope compositions measured for the LGM section indeed seem to reflect the true ambient seawater composition at this water depth.
According to our data, the distinctly unradiogenic Nd isotope composition typical of present-day NADW was not present at the Blake Ridge during the LGM at all. As a consequence, it is not likely that water derived from the Labrador Sea contributed significantly to GNAIW during the LGM. Because of the uncertainties regarding the reliability of the intermediate depth Nd isotope seawater record arising mainly from the sediment redistribution processes, our suggested GNAIW ε Nd during the LGM has to be considered a preliminary finding that needs confirmation from future studies.
The Nd isotope compositions in sediment cores from water depths below 3400 m did not record the presence of typical LNADW until after the YD. These ε Nd data suggest that the flow of the WBUC must have been restricted to the upper part of the Blake Ridge, and modern circulation was not initiated until after the YD. and 4200 m water depth (Stahr and Sanford, 1999) . The Florida Current transports Gulf
Stream water on the Blake Plateau to the west of the Blake Ridge at water depths above about 700 m water depth (Lynch-Stieglitz et al., 1999) . Black triangles represent core locations chosen for either core-top or LGM analyses. The three highlighted core sites represent locations for which Nd downcore analyses were carried out. Core location of CH88-11P studied by Luo et al. (2001) is also shown. Numbers in white boxes refer to sampling stations for seawater Nd isotope profile OCE63 (Piepgras and Wasserburg, 1987) (2001) . The discontinuous records of the temporal evolution of the focusing factor arise from the fact that only average Ψ can be determined between absolute age tie points . The shallow site experienced virtually no sediment focusing during the LGM and extreme focusing today, whereas the deep core reveals the opposite pattern. See text for discussion. The Nd isotope compositions of the detrital fraction is always less radiogenic than the FeMn oxyhydroxide fraction in this core (black filled circles). Individual Nd isotope data are presented in Tables 3 to 5 . The modern NADW ε Nd , as measured by Piepgras and Wasserburg (1987) close to the Blake Ridge (cf. Fig. 1 ), is shown in grey box. Blue arrows in lower panel indicate absolute age tie points published in Keigwin (2004) . (Piepgras and Wasserburg, 1987) , is indicated in grey box. Th xs were decay-corrected to the time of deposition of the sediment using λ
230
Th of Cheng et al. (2000) . LGM sediments presented in Figure 3 including the 2σ internal errors. 
